Four S-RNases (RNase associated with self-incompatibility) were puriˆed from the styles of two apple cultivars ( Malus domestica), a self-incompatible cv., Starking Delicious (SD), and a self-compatible cv., Megumi (MG). Each cultivar produced two S-RNases and their enzymatic properties such as speciˆc activity, pH optimum, thermal stability, and molecular mass, were characterized. The four S-RNases inhibited the tube growth of apple pollen in an in vitro bioassay at 25 mg W ml (1.0 mM), but did not distinguish self from non-self pollen. The cDNAs of four S-RNases were cloned, and the nucleotide and deduced amino acid sequences were analyzed. The nucleotide sequence of SDSe RNase was a new one and the other was identical to that of Sc-RNase of cv. Fuji. In MG one was identical to the sequence of SD-Sc RNase and the other to that of Sa-RNase of cv. Golden Delicious except for one base. From results of the isolation amounts and the Western blot analysis for stylar crude extracts the amount of SRNases in MG was apparently less than that in SD.
Self-incompatibility is an ingenious system in ‰owering plants that promotes outcrossing and prevents inbreeding. It is classiˆed into the two diŠerent types: gametophytic self-incompatibility and sporophytic self-incompatibility. 1, 2) The gametophytic self-incompatibility in Solanaceae and Rosaceae is controlled by a single multialleleic locus (designated as the S-locus). 2, 3) The products encoded by the S-alleles expressed speciˆcally in the style have been identiˆed to be glycoproteins with ribonuclease activity, which were named S-RNases. S-RNases have been believed to be the functional substances for self-incompatibility [4] [5] [6] [7] [8] and their crucial role played in self-incompatibility has also been proved by studies using transgenic plants in Solanaceae. [7] [8] [9] The S-RNases in various cultivars of the Rosaceae fruits, Apple ( Malus domestica) and Japanese pear ( Pyrus pyrifolia), have also been investigated, and their N-terminal amino acid sequence analysis, cDNA cloning, and sequencing were reported. 3, [10] [11] [12] [13] The sequence analyses clariˆed that their S-RNases sequences are similar to those of solanaceous SRNases classiˆed into the RNase T2 family. 14) Moreover, in connection with self-incompatibility in apples, the stylar proteins inhibited the pollen tube growth in an in vitro bioassay in an earlier study, but the substance was puriˆed only partially. 15) Recently, the eŠects of S-RNases of Japanese pear on incompatible and compatible pollen have also been investigated. In that literature it has been reported that the S-RNase acts speciˆcally on the pollen with the same S-genotype. 16) However, the properties of the Rosaceae S-RNases as enzymes and their action to inhibition of the growing pollen tube in the transmitting tract tissue are little known.
To clarify the role of S-RNase in self-incompatibility in apples, we planed to compare the properties of S-RNases from two cultivars, Starking Delicious (SD) and Megumi (MG), because SD has been regarded as a highly self-incompatible cultivar and MG as a self-compatible or self-fruiting one. [17] [18] [19] In this comparison we are very interested in whether the SRNase properties including cDNA sequences in the two cultivars aŠect the self-incompatibility and -compatibility between the cultivars.
We now describe the isolation and cDNA cloning of four S-RNases from these two cultivars, some of their enzymatic properties, and inhibitory activity against the apple pollen tube growth. Additionally, the amounts of S-RNases in the pistil of the two cultivars were estimated by isolation yield and Western blot analysis using an anti SD-RNase antibody.
Materials and Methods
Materials. Unless otherwise stated, all chemicals were of the highest quality available and obtained from Wako Chemicals. RNase T2 was obtained from Boehringer Mannheim (Mannheim) and RNase A from Sigma. The buds of apple cultivars, SD (Sgenotype: ScSe) (a mutant of Delicious) 17) and MG (S-genotype: SaSc) (Ralls Janet, S-genotype: SaSf, ×Jonathan, S-genotype: ScSf), 18) were collected just before blooming at the farm of Hirosaki University (Fujisaki, Aomori). Styles with stigmas were collected, lyophilized, and stored at "309 C. Anthers were also collected, dried for 2 days at 209 C, and were stored in a desiccator at "109 C. To prepare the total RNA, the harvested styles were frozen in liquid nitrogen and were stored at "809 C until use.
Inhibitory activity. Apple pollen (about 1000 grains of SD, MG, and Golden Delicious) was incubated for 6 h at 209 C under humid conditions in a microtiter plate well containing 100 ml of a medium consisting of 10z sucrose solution containing 5 ppm of H3BO4 and 50 ppm of Ca(NO3)2, and any concentration of the sample protein. The germination and the pollen tube growth were checked under microscopic observation. The degree of inhibition to the pollen tube growing in the sample solution was estimated by comparison with that of the control without any S-RNases.
RNase activity. RNase activity was measured by a modiˆed method described by Singh et al. using torula yeast RNA as a substrate. 20) The reaction solution (200 ml, 20 to 80 mg of protein, 600 mg of substrate, in 50 mM Tris-HCl buŠer containing 2 mM Na2EDTA, pH 7.5) was incubated at 379 C for 15 min, and was stopped by addition of uranyl acetate and perchloric acid to form aˆnal concentration of 0.15 and 5.0z, respectively. After the formed precipitate was removed by centrifugation, the OD260 nm of the supernatant was measured. Speciˆc activity is deˆned as the OD 260 nm units released from the substrate in an acid-soluble form by 1.0 mg of the protein in 1.0 min at 379 C at pH 7.5.
Puriˆcation of S-RNases. Styles (6 g, lyophilized) were homogenized in 60 ml of 50 mM phosphate buŠer (pH 7.0) containing 5 mM 2-mercaptoethanol, 2 mM ascorbic acid, and 1 mM Na2EDTA, with 2 g of polyvinylpolypyrrolidone, and the homogenate was centrifuged at 12, 000 rpm for 10 min at 49 C. The precipitate was further extracted two times with the same buŠer. The combined supernatant was passed through a DE-52 (Whatman) pad and an Amberlite XAD-4 (Organo) column (2.2×5 cm) equilibrated with the above buŠer. Subsequently, the non-absorbed fraction was ultraˆltered and dialyzed against 1 mM Tris-HCl buŠer, and the resultant solution was put on a DE-52 column (2.2×10 cm) equilibrated with 25 mM Tris-HCl buŠer (pH 7.2). Proteins were eluted with a stepwise gradient of NaCl (0, 0.10 and 0.15 M). The inhibitory activity against pollen tube growth and RNase activity (see above) were tested for the eluted fractions. The active fraction (0 M NaCl) was put on a CM-52 column (2.2×8 cm) equilibrated with 25 mM Tris-HCl buŠer (pH 8.5). The column was eluted with a stepwise gradient of 0, 0.05 and 0.10 M NaCl. The active fraction (0.10 M NaCl) was fractionated by a hydroxyapatite column (1.2× 4.5 cm) (Gigapite, Seikagaku Corp.) equilibrated with 2 mM phosphate buŠer (pH 7.0). The column was eluted with a stepwise gradient of 2, 10, 50, and 100 mM of the same buŠer, and each eluted fraction was dialyzed and lyophilized. The fractions eluted with 50 and 100 mM contained SD-Se RNase and SDSc RNase, respectively. Each of the RNases dissolved in 25 mM phosphate buŠer (pH 7.0) containing 0.15 M NaCl and 1 mM MgCl2 was put on a ConA column (0.9×4 cm) (Seikagaku Corp.) equilibrated with the same buŠer. The columns were eluted with 0 and 250 mM methyl a-D-mannopyranoside in the same buŠer. Each of the latter fractions was dialyzed and lyophilized to give the puriˆed proteins, SD-Se RNase and SD-Sc RNase. The protein concentration was measured by the method of Bradford.
21)
The S-RNases of MG were partially puriˆed in the same manner as that in SD. Finally, the 0.1 M NaCl eluted fraction in the CM-52 chromatography was put through to FPLC (Pharmacia) with a Mono S column (HR5 W 5, Pharmacia) using a linear gradient of NaCl (0-0.4 M) in 20 mM acetate buŠer (pH 5.5) at a ‰ow rate of 0.5 ml W min for 25 min to give a peak at about 16 and 20 min. Theˆrst and second peaks, called MG-Sa RNase and MG-Sc RNase, were collected, desalted, and lyophilized, respectively.
Gel electrophoresis. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was done on a slab gel prepared with 12.5z (resolving gel) and 3.5z (stacking gel) acrylamide by the method of Laemmli.
22) The protein bands were stained with Coomassie Brilliant Blue (CBB) G-250 or by RNase activity staining.
23) The molecular mass markers used were a Pharmacia'kit: phosphorylase (94.0 kDa), bovine serum albumin (67.0 kDa), ovalbumin (43.0 kDa), carbonic anhydrase (30.0 kDa), soybean trypsin inhibitor (20.1 kDa), and lactalbumin (14.4 kDa), and a Boheringer Mannheim'kit : glutamate dehydrogenase (55.5 kDa), aldolase (39.2 kDa), triose phosphate isomerase (26.6 kDa), trypsin inhibitor (20.1 kDa), and lysozyme (14.4 kDa).
Isoelectric focussing (IEF) was done on a 4.85z polyacrylamide gel containing 6z Ampholine, pH 3.5-10 (Pharmacia), and 1.5z Servalyt pH 3.5-5 (Serva). The isoelectric focusing calibration kit (pH 3-10, Pharmacia) was used as standard proteins to estimate the isoelectric point (pI). The gels were stained with CBB G-250.
ESI-MS analyses. Each S-RNase was further puried by a SMART system with a mRPC C2 W C18 PC3.2 W 3 column (Pharmacia) using a linear gradient of 1z to 90z acetonitlile W H2O containing 0.1z tri‰uoroacetic acid. All ESI-MS analyses were done using API-300 atmospheric pressure ionization triple quadrupole tandem mass spectrometry (PerkinElmer Sciex) and the spectra were analyzed using the software (Biomutiview ver. 1.0). One hundred mg of desalted S-RNases was dissolved in 100 ml of 50z acetonitrile containing 0.1z tri‰uoroacetic acid. The solutions were introduced to the instrument at the rate of 5 ml W min with a syringe pump. All measurements were taken in positive mode. Quadrupole one of the instruments was scanned from 800 to 1400 a.m.u. by a step size of 0.1 a.m.u. A dwell time of 1.0 ms and an oriˆce voltage of 25V were set. The data were acquired as a total of 10 scans.
pH optimum and thermostability of the S-RNases. The pH optimum was measured from pH 4.5 to 9.0 using three buŠer solutions (50 mM acetate buŠer, pH 4.5-5.5, 50 mM phosphate buŠer, pH 6.0-7.0, 50 mM Tris-HCl buŠer, pH 7.5-9.0). The RNase activity at various pHs was measured by the same method as described above. The thermostability of the enzyme was measured at 40-809 C. The protein, treated at each temperature for 10 min, was immediately cooled and then the RNase activity was measured.
N-Terminal amino acid sequencing. The proteins on the SDS-polyacrylamide gel were electrophoretically transferred to a PVDF membrane (Immobilon-P, Millipore), and stained with CBB G-250. An area of the membrane corresponding to the S-RNase bands was cut out and destained using aqueous MeOH (1:1) exhaustively. The membrane piece was used for sequencing in an automated protein sequencer (PPSQ-10, Shimadzu).
Chemical modiˆcation of RNases. To 53 mg of SD-Se RNase or SD-Sc RNase dissolved in 300 ml of 50 mM phosphate buŠer (pH 6.0), 100 ml of ethanol solution of diethylpyrocarbonate (DEPC) to give â nal concentration of 8 mM was added, and the reaction mixture was incubated for 30 min at 159 C. 24) The resultant solution was concentrated using an Ultrafree C3-LGC (Millipore) to remove DEPC. The concentrated solution was lyophilized, the RNase activity was measured and the inhibitory bioassay was done. To observe the recovery of enzyme activity of the modiˆed S-RNases, they were treated with 10 mM hydroxylamine for 10 min, 24) and the RNase activity and inhibitory activity were measured. RNase A was also treated, as well as the S-RNases.
Preparation of total RNA and poly(A) + RNA. Total RNA was extracted from the frozen styles (0.2 g) using a modiˆcation of method described by Glisin et al. 25) Poly(A) + RNA was prepared from the total RNA by using a poly(A) + RNA kit (OligotexdT30ºsuperÀ, Takara) as described in the manufacturer's instructions.
Reverse transcription-PCR (RT-PCR) and cloning. The reverse transcription reaction was done at 429 C for 1 h, in a total volume of 20 ml containing 1 mg poly(A) + RNA, 1×RT buŠer, 1 mM oligo(dT) primer, 20 units of RNase inhibitor, 250 mM dNTPs, and 50 units of reverse transcriptase (Perking Elmer, N808-0018). All the RT reaction products were used for the subsequent PCR. Primer A (5?-TTTAAGC-TTTACGATTATTTTCAATTTACG-3?designed on the basis of the known N-terminal amino acid sequences, the known nucleotide sequences for the Nterminal conserved region of S-RNases, and Hind III restriction site) was used as a sense primer. Primer B (5?-GCCGTCGACTTTTTTTTTTTTTTTTTTTTT-3? designed for an oligo dT primer with a Sal I restriction site) and primer C (5?-AAAGTCGAC-CGCACA TACACACAC ACACAC-3? designed for the sequences of the 3? region of the stop codon in SD-Sc RNase and of the Sal I restriction site) were used as an antisense primer. The PCR ampliˆcation was made in a total reaction volume of 100 ml containing 20 ml of RT product, 1×Taq polymerase buŠer and Taq DNA polymerase (Promega), 200 mM dNTPs, and 1 mM primers A and B or A and C. The reaction was run for 30 cycles of 2 min at 949 C, 1 min at 459 C, 3 min at 729 C, with an initial 5 min denaturation period at 949 C. Identiˆcation of the 5? end of SD-Se cDNA was done using the rapid ampliˆcation of cDNA ends (RACE) by the method of M. A. Frohman et al. 26) The anchor and antisense primers used in the 5? RACE were 5?-GCCGAGC-TCTAGAAGCTTTTTTTTTTTTTTTTTTT-3? and 5?-TAACTCGAGT CGACTTCTGGGT CAGGTC-CATTCT-3?, respectively. The PCR was made in the same manner as above.
PCR products were cloned in the vector Bluescript II KS(+) (Stratagene) according to the manufacturer' s instructions, and the DNA was sequenced using a sequencer (LI-COR DNA sequencer 4000L).
Preparation of a polyclonal antibody against SDSe RNase. Antibodies were raised in rabbits by injection of 500 mg of puriˆed SD-Se RNase mixed with an adjuvant (TiterMax Gold, CytR Corp) for three a The activity was examined at the concentration of 100 mg W ml. The sign (+) represents over 50z inhibition for the pollen tube growing relative to the standard sample. The sign (-) shows no inhibition. b Speciˆc activity was deˆned as the A260 units released from torula yeast RNA into acid soluble form by 1.0 mg of the protein in 1.0 min at 379 C in 50 mM Tris-HCl buŠer (pH 7.5). c The values were calculated on the basis of the total activities. d Indication of recovery started from this step because RNase activity could not be measured for the crude extract. times for 3 weeks. The whole blood was collected two weeks after the last injection, and then incubated at 379 C for 30 min and left at 49 C for 90 min. The serum collected by centrifugation was precipitated by addition of ammonium sulfate to 30z saturation. The precipitate was dissolved in PBS buŠer and then dialyzed against PBS buŠer, and the dialysate was lyophilized. The lyophilizate was used as a polyclonal anti-SD-Se RNase antibody. The prepared antibody reacted with the apple SRNases containing SD-Se RNase but not other RNases (RNase A and RNase T2) or BSA.
Western blotting. Proteins separated by SDS-PAGE were electroblotted onto a PVDF membrane. Free binding sites on the PVDF membrane were blocked with 2z (w W v) gelatin in Tris-buŠered saline and detergent (TTBS) (20 mM Tris-HCl, 0.5 M NaCl, and 0.05z Tween 20, pH 7.5). The blocked membrane was incubated in the antibody solution diluted the stock solution containing 12 mg protein per ml to 1:1,500 with TTBS, and then incubated in an alkaline phosphatase-conjugated goat anti-rabbit IgG (Funakoshi) solution diluted to 1:8,000 with TTBS. The membrane was washed with TTBS and then stained by the reaction using nitro blue tetrazolium and 5-bromo-4-chloro-3-indolylphosphate. The stained bands were read by densitometer (Densitograph AE-6920M, Atto).
The stylar crude extracts of SD and MG were prepared by homogenization of each of three pieces of the style with a sample buŠer for SDS-PAGE.
Results

Puriˆcation of the S-RNases
From each of the cultivars, SD and MG, two SRNases were puriˆed. The puriˆcation procedures are summarized in Tables 1 and 2 . In the case of SD, the inhibitory activity against pollen tube growth was found in 0 M and 0.15 M NaCl eluted fractions in DE-52 chromatography. The former was further puriˆed because of the high pIs of S-RNases. Gigapite column chromatography is useful for separating the mixture of the two RNases into each pure one. Theˆrst eluted RNase from the column was named SD-Se RNase and the second, SD-Sc RNase. The SRNase puriˆed in this experiment is named as the RNase with a preˆx representing cultivar origin and S-genotype which were already identiˆed. 17) Each of the S-RNases showed only one band on SDS-PAGE, IEF with CBB and RNase activity staining (Fig. 1A,  1C and 1D ).
In the case of MG, the two puriˆed S-RNases could be obtained by using FPLC with a Mono S column because the RNases were not separated by Gigapite chromatography. They were named MG-Sa and MG-Sc RNase by the order eluted, and each showed only one band on SDS-PAGE and IEF by CBB and RNase activity staining (Fig. 1B, 1C and  1D) .
The molecular masses, pIs, and N-terminal amino acid sequences of the four puriˆed S-RNases of SD and MG are summarized in Table 3 .
Cloning and sequence analysis
In SD two about 800-bp fragments were ampliˆed, cloned, and sequenced. One fragment of 791 bp contained the complete sequence of SD-Se RNase that included the N-terminal amino acid sequence (20 amino acids) when analyzed by a protein sequencer.
The other fragment sequenced for only a partial nucleotide length (674-bp) excluded about 150 bp from the poly(A) + region, and the sequence was identical to that of Fuji Sc-RNase. 11) Figure 2 shows the nucleotide and deduced amino acid sequences of the cDNA of SD-Se RNase. The region of the 5? end in SD-Se RNase was also ampliˆed by 5? RACE PCR, and about 300 bp including the N-terminal amino acid sequence was analyzed. The sequences included a signal peptide sequence of 27 amino acids in the 5? region from the N-terminal amino acid.
In MG an ampliˆed fragment constructed of 746 bp was sequenced. Figure 3 shows the nucleotide and deduced amino acid sequences of the cDNA of MG-Sa RNase. The nucleotide sequence was identical to that of Sa or S2-RNase in Golden Delicious 12) except the base C at position 459 was altered to A. By using an alternative antisense primer designed from the sequence in 3? region of the stop codon of SD-Sc RNase cDNA, the MG-Sc RNase cDNA (623-bp) was obtained and sequenced. This sequence was identical to that of Fuji Sc-RNase.
11)
Molecular masses of SD and MG S-RNases
The molecular masses of major molecular species in SD-Se and SD-Sc RNases were 24,770 and 26,668, respectively, by ESI-MS analysis. These values are considerably larger than the calculated ones, 23,068 and 23,424 for SD-Se and SD-Sc RNases. The diŠer-ences between calculated and observed molecular masses were 1,702 and 3,243 for SD-Se and SD-Sc RNases.
The molecular masses of major molecular species in MG-Sa and MG-Sc RNases were also observed to be 26,666 (Calcd MS: 23, 415.5) and 25,926 (Calcd MS: 23,424.6) by ESI-MS analysis. The increasing masses were 3250 and 2501 for MG-Sa and MG-Sc RNases.
Enzymatic properties of the S-RNases
The speciˆc activities of SD-Se and SD-Sc RNases were 43.0 and 9.3 ( Table 1 ) and those of MG-Sa and MG-Sc RNases were 34.5 and 11.9, respectively ( Table 2 ). The decreasing speciˆc activity of puriˆed S-RNases is due to the removal during puriˆcation of other RNases with a large speciˆc activity. Figure 4A shows the pH dependence of RNase activity in SD and MG S-RNases, and they showed a 
a S-Genotype of the cultivars are described in parentheses. b The numbers represent the concentration of each RNase (mg W ml). c See Table 1 . d The signs, +, Z, and [, represent about 20z, 50z, and 80z inhibition for pollen tube growth compared with that of the control. Microscopic observations of pollen tube growing were shown in Fig. 5 . Figure 4A shows the pH dependence of RNase activity in SD and MG S-RNases, and they showed a similar pH optimum around 7.0. Figure 4B shows the thermal stability of SD and MG S-RNases. Even at 809 C they showed a remaining activity of 70 to 85z. Table 4 summarizes the pollen tube growth inhibitory activity of the S-RNases and commercially available RNases T2 and A. All S-RNases showed inhibitory activity at a minimum concentration of 25 mg W ml. Figure 5 shows photographs of the growing pollen tubes in the bioassay to examine the eŠects of SD-Se RNase on SD and MG pollen. Since a pollen grain of SD has either of the two S-genes, Se and Sc, and those of MG and GD have either of Sa and Sc, and Sa and Sb, respectively, half of the SD pollen should be incompatible and MG and GD pollen fully compatible. However, the diŠerence in the eŠect of SD-Se RNase on the pollen with diŠerent S-genotypes was not observed. RNase A showed a similar inhibitory activity at a minimum concentration of 50 mg W ml and RNase T2 did not show the activity at the tested concentrations. Table 5 shows the enzymatic and inhibitory activities of the RNases treated with DEPC. 20) The RNase activities of the modiˆed S-RNases were reduced to 5-50z of the native proteins, and the inhibitory activity also decreased greatly. Both activities in the modiˆed S-RNases were partially restored by treatment with hydroxylamine (data not shown).
Pollen tube growth inhibitory activity of the SRNases
Western blotting of the S-RNases using anti-SD-Se RNase antibody SD-Se RNase antibody reacted with all four SRNases from SD and MG, and then the speciˆcity was estimated. As shown in Fig. 6 , when the same amounts of SD-Se and SD-Sc RNases were put on and run on SDS-PAGE and Western blotting, they gave almost equally intense staining bands, and furthermore, the increment of SD-Se RNase amounts gave roughly proportional increased staining intensities in densitometric measurement.
The Western blotting for each extract from the same pieces of SD and MG styles are also shown in Fig. 6 . The strong (Se) and weak stained (Sc) bands were observed for SD. Only one faint band was observed for MG, because of the small amounts of the two S-RNases (Sa and Sc), which have similar molecular weights. The ratio of total staining intensity of bands in SD and MG was estimated as 5.5:1 by densitometric measurement.
Discussion
Puriˆcation of S-RNases have been reported from Nicotiana alata, 27) Petunia in‰ata, 9, 20) and Lycopersicum 28) in Solanaceae, and from P. pyrifolia 13, 16) and M. domestica 12) in Rosaceae. In M. domestica, however, the enzymatic properties and inhibitory activity for pollen tube growth, however, have been little investigated.
The four proteins were puriˆed under guidance of the inhibitory activity against pollen tube growth and RNase activity, and identiˆed to be S-RNases on the basis of N-terminal amino acid sequences, strong basic isoelectric points, molecular sizes, the presence of sugar chains, and the sequence similarity from the cDNA clonings. Although the molecular masses of puriˆed S-RNases were estimated as 28,000-30,000 on SDS-PAGE, the molecular masses measurement by an ESI-MS spectrometer was done to obtain more direct values.
The obtained molecular masses were larger than the masses calculated from the deduced amino acid sequences. The S-RNases seemed to be glycoproteins from the results of positive coloring in the lectin staining and adsorption to a ConA column. The molecular masses found were from the major molecular species of the four S-RNases and hence, the heterogeneity caused by sugar chains was observed as with other S-RNases. 28, 29) The increased mass of 1,702, 3,243, 3,250 and 2,501 in SD-Se, -Sc, MG-Sa, and -Sc, respectively, may be corresponded to the mass of the sugar chains. In SD-Se RNase, the increment in mass values of 1,702 may be assigned to the molecular mass of sugar chains composed of two N-acetylhexosamine and eight hexose residues. Such a simulation by mass calculation is possible to the other increased mass num- bers. Although SD-Sc RNase and MG-Sc RNase showed the same deduced amino acid sequences, their molecular masses were diŠerent by m W z 742 in ESI-MS. The sugar chains bound to the S-RNase with the same S-genotype were diŠerent in the cultivars.
The four S-RNases showed similar pH optima of 7.0 in RNase activity, and had a high thermal stability, showing about 80z remaining activity even at 809 C. The pH optimum was almost equal, but the thermal stability was higher than those of N. alata 27) and P. in‰ata.
20)
A low speciˆc activity of the four S-RNases (9.3 to 43.0) seems to be characteristic of their enzymatic property when the torula yeast was used as the substrate. The speciˆc activities are very small compared with those of RNase A and T2, as shown in Table 4 . SD-Sc RNase and MG-Sc RNase, having the same sequence but diŠerent sugar chains showed almost the same speciˆc activity. Consequently, no functional change was observed by alteration of the sugar chain structures. Similar small speciˆc activities of 106 to 291 for S-RNases were reported in N. alata, 27) P. in‰ata, 20) and Pyrus pyrifolia.
16)
All four S-RNases showed inhibitory activity against the pollen tube growth of apple at the concentration of 25 mg W ml under in vitro conditions as shown in Table 4 . The minimum eŠective concentration for the inhibition was ten-fold lower than in the case of P. pyrifolia. 16) Unexpectedly, the apple S-RNases equally inhibited the tube growth of self-and non-selfpollen under in vitro conditions, that is, the four S-RNases did not discriminate between the pollen with diŠerent Sgenes, though in P. pyrifolia the S-RNase acted speciˆcally on only the pollen with the same S-genotype. 16 ) At this time the reason for the diŠerence between these experiments remains to be solved. Additionally, these observations did not change when the germinated pollen was used for the bioassay. However, such results that did not show a clear diŠerence in the in vitro assay, were also reported in N. alata 27) and P. in‰ata.
20)
It has been unknown why S-RNases could not distinguish self-pollen from non-self pollen under in vitro conditions, unlike in vivo ones. To clarify the relationship between RNase activity and pollen growth inhibitory activity, the inhibitory activity of RNases of other origins, RNase A and T2, were examined. RNase T2 showed no inhibitory activity, and RNase A had a moderate activity as shown in Table  4 , although they had larger speciˆc activities on RNase than those of the S-RNases. To clarify whether the RNase activity is essential for inhibition of the pollen tube growth, SD-RNases and RNase A were treated with DEPC. All of the modiˆed RNases showed a large decrease in the inhibitory activity together with RNase activity. (Table 5 ) These results may suggest that the inhibitory activity against apple pollen tube growth is caused by the RNase activity of RNases. If the S-RNase arrests the pollen tube growth of self-pollen in the pistil as well as in the in vitro assay, the S-RNases should be modiˆed or controlled by any molecule in the cross-pollen tube to inactivate the inhibitory activity. 30) SD-Se RNase was found to have a new deduced amino acid sequence from the cDNA cloning (Fig. 2) . The 5? end region of SD-Se RNase was also sequenced by the 5? RACE method. In MG, the genotypes of S-RNases have been found to be Sa and Sc. The MG-Sa RNase cDNA nucleotide sequence corresponding to mature protein is shown in Fig. 3 . The sequence was identical to that of S2 (Sa)-RNase cDNA from Golden Delicious except for the alteration of cytosine to adenine at position 459 numbered from theˆrst base corresponding to the N-terminal amino acid. As a result the 153th amino acid in MGSa RNase was altered to lysine from asparagine and an amino acid substitution was observed. This sequence, however, is not an artifact due to any experimental error in sequencing because the Sa-RNase of Hirodai-Ichigo, which is a self-fruiting cultivar of chance seedling origin discovered at the farm of Hirosaki University, showed the same sequence.
31) It is not clear whether this mutation is characteristic in mutants changed into self-fruiting cultivars. It may be necessary to reexamine cDNA cloning of SaRNase in GD. The nucleotide sequence corresponding to the mature protein in SD and MG-Sc RNase cDNAs was identical to that in Sc-RNase cDNA from Fuji.
The sequence of SD-Se RNase was compared with the known sequences of rosaceous and solanaceous S-RNases (Fig. 2) . The SD-Se RNase had theˆve conserved and two hypervariable regions including the active site and the seven Cys residues as well as those of pear and apple reported so far. 3, 10) Four potential N-glycosylation sites (NXT and NXS) were found in SD-Se. Two conserved N-glycosylation sites (Asn-18 and Asn-117 in SD-Se) were common to the S-RNases of other apple cultivars. The identities of the deduced amino acid sequences of SD-Se to SD-Sc RNase and MG-Sa RNase were 68z and 62z, respectively. These results strongly conˆrmed that SDSe RNase showed similar properties to those of other apple S-RNases.
In apples, some self-fruiting cultivars are known. In the literature 18) it was found that MG had a high self-fruiting property (about 24-88.6z), but expressed two S-RNases in the pistil as well as self-incompatible diploid apple cultivars. The authors have thought, therefore, that the self-compatible property in MG might be due to the existence of parthenocarpy. The self-fruiting in MG was increased with self-pollination rather than non-pollination (about 60z and 8z, respectively), and the seed formation was observed in self-pollination, but not in parthenocarpy.
31) Therefore, we have thought that MG apparently has a self-compatible property.
A self-fruiting in MG is clearly diŠerent from the case of a self-compatible cultivar of P. pyrifolia, cv. Osa-Nijisseiki, in which one S-RNase between the two is or hardly not at all expressed in the pistil. 32) Though it was expected toˆnd some diŠerences in the S-RNase properties between self-incompatible SD and self-fruiting or self-compatible MG, the S-RNase properties of MG were similar to those of other apple S-RNases in our study. Hence, it was found that the self-compatible property in MG was not due to a functional change in RNase activity of the S-RNases.
The amounts of isolated S-RNases from the same fresh weight, however, were strikingly diŠerent between SD and MG. To exclude the puriˆcation procedures, the Western-blot analysis was done on crude extracts of stylar. The result also showed a large diŠerence in the amount. Therefore, a lesser amount of S-RNase is a characteristic property in MG. In another study of ours, however, a self-fruiting cultivar, Hirodai-Ichigo, expressed almost the same amount of S-RNases as SD. 31) Therefore, the amount of the S-RNases in MG may be responsible for showing self-compatibility, but it may be sure that the amount of S-RNases is not the only determinant conferring the self-compatible property to MG.
We have now continued our study onˆnding substances interacting with S-RNases from the growing pollen tubes and on observations of the localization and behavior of S-RNases during pollen tubes growing in the pistil.
